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            ABSTRACT 
 
 
 
Electrocardiogram is a method of recording the heartbeat of a patient electronically. 
Quicker transmission of electrocardiogram signals through channels like across 
wireless networks, telephone networks, hospital networks is not possible without 
compressing them. Here I implement an algorithm [13] for ECG 
(electrocardiogram) signal compression based on Delta Coding and LZW (Lempel–
Ziv–Welch) encoding. To carry out compression, real time ECG data has been 
recorded through EKG sensors and Labview. Since the recorded signal was analog 
it was first converted to digital by applying Savitzky Golay Filter, uniform sampler 
and quantizer sequentially. Then the signal was compressed using delta coding and 
LZW coding. Then the compressed signal was decompressed and then further 
converted to analog. Finally the reconstructed signal was compared with the original 
signal. This was done for six different analog samples. The compression ratios and 
the reconstruction errors for all were calculated. The calculated compression ratios 
range from 1:10.51 to 1:12.56 and PRDs range from 3.33% to 4.79%. Mean 
compression ratio came out to be 1:11.36 and mean PRD came out to be 4.18%. The 
number of quantization levels was kept sufficiently large in order to reduce the 
quantization error zero levels. In the preprocessing stage the signal was reduced to 
about one-ninth of the original size while in the encoding stage it was reduced to 
one third. When applied sequentially, the compression ratios got multiplied.  
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IntroductIon 
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 Researchers have found variety of ways to find out various physiological disorders. 
Cardiological disorders are one of them. But despite of so many different ways and evolving 
technologies ECG continues to be an integral part of those techniques.  
Due to this much importance of ECG , continuous researches are taking place all over the world 
to find out the effective methods of ECG transmission. One such method is implemented here.  
 
1.1 ECG SIGNAL 
 
Electrocardiography is the method of recording the electrical activity of the heart over a time 
period utilizing electrodes put on a patient's body. These electrodes detect the small electrical 
potentials generated on the skin that emerge from the heart depolarization amid every heartbeat. 
 
1.1.1 HISTORY 
 
 
The three Greek [2] words ‘electro’ , ‘kardio’ and ‘ graph’ join to form the term 
electrocardiograph.‘ Electro’ means electrical activity while ‘kardio’ means heart and the term 
graph stands for writing, and hence the term. One of the pioneers in this field is Alexander 
Muirhead who is believed to be the first one to attach wires to a person’s wrist to record the 
electrical activity of the heart. 
 
Willem Einthoven from the Netherlands, used the string galvanometer to measure the electrical 
activity. It was also invented by him in 1901. The sensitivity of the galvanometer was much high 
than the capillary electrometer invented by Waller. The letters P, Q, R, S, and T were assigned to 
the various deflections. Apart from that a number of cardiovascular disorders were also described 
by him. He was given the Nobel Prize for Medicine in 1924 for the discovery. 
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 1.1.2  FUNDAMENTALS 
 
 
 
Basically there are 6 deflections [1] in a general ECG wave as stated above. Each deflection 
denotes a particular activity of heart. Various deflections and their corresponding activities are as 
under: 
 
I. P Wave : It is the first deflection (positive) of ECG representing Atrial Depolarization 
II. Q Wave : It is the second deflection (negative) of ECG representing the normal left-to-
right depolarization of the interventricular septum 
III. R Wave : It accounts for depolarization of the ventricles 
IV. S Wave : It reflects the completion of the depolarization of the ventricles, at the base of 
the heart 
V. T Wave : It represents repolarization of the ventricles 
VI. U Wave : It’s source is still unknown 
 
There are two basic arrangements of electrodes in ECG, bipolar and unipolar leads.  
Bipolar Lead: Here electrical activity of one electrode is compared to another electrode. It is by 
convention that a positive electrode is one in where there is a positive (upward) deflection in the 
ECG records when the electrical impulse flows toward it and there is a negative (downward) 
deflection when the impulse flows away from it.  
Unipolar Lead: Here the electrical activity of one electrode is compared to a reference point that 
averages electrical activity and not to another electrode as is the case with the bipolar leads. This 
electrode is called as the exploring electrode and is also the positive electrode. 
 An imaginary formation of three limb leads in a triangular formed by the two shoulders and the 
pubis is known as Einthoven's triangle. 
  Given below is a figure of Einthoven triangle which briefly explains the interrelationships of the      
leads and the position of electrodes. 
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                      RA                                                                                          LA 
 
 
 
 
                       LEAD II                                             LEAD III                                                  
 
 
 
 
 
 
 
                                                                                 LL 
Fig. 1.1  Einthoven Triangle 
 
Mathematically an Einthoven triangle can be expressed as : 
LEAD II - LEAD I = LEAD III 
 
An Electrocardiogram can be 1 lead, 3 lead , 6 lead or 12 lead .They are described as follows : 
 
1)    Single lead ECG :  
Lead II is the most commonly measured vector in a single channel, one Lead ECG. As 
described in the Einthoven triangle, lead II is collected from the LL and RA electrodes. LL 
electrode site is considered positive and the RA electrode site is considered negative. Since 
only one lead is involved, only one amplifier module is required here. 
 
12 | P a g e   
 2)    3 lead ECG 
An Einthoven triangle is just the pictorial representation of a 3 lead ECG. The electrodes 
have to be placed just as shown in the Einthoven triangle [5]. Since lead III is 
mathematically related to lead I and lead II, it can be calculated in real time. Hence there 
are only two independent leads, as a result of which only two amplifier modules are 
required. 
 
3)   6 lead ECG 
In a 6-lead ECG, the three augmented leads (also called Goldberger leads) [6] are also 
calculated in addition to Leads I, II and III. The augmented leads are represented as: aVR, 
aVL, and aVF, and are also derived from Leads I, II and III. Since lead III and the 
augmented leads aVR, aVL and aVF [7] are mathematically related to lead I and lead II, 
they can be calculated in real time or after data acquisition. Hence there are only two 
independent leads, as a result of which only two amplifier modules are required. 
 
4)    12 lead ECG 
In a 12 lead ECG, the number of electrodes [2] used is ten. On these electrodes is applied a thin 
coating of a conducting gel [11] in order to increase conductivity and decrease the 
physiological impedance. Here, in addition to the six limb leads and augmented leads, six 
precordial (chest) leads are also measured. A minimum of three amplifier modules and a 
Wilson Terminal are needed to measure a twelve lead ECG. The names and correct 
locations for each electrode are as follows: 
 
 
 
 
 
 
 
 
13 | P a g e   
 Table 1.1 :  Name and position of leads in a 12 lead ECG 
ELECTRODE 
NAME 
ELECTRODE POSITION 
RA The electrode is placed at the right arm 
LA The electrode is placed at the left arm 
RL At the right limb, lateral calf muscle 
LL On the left limb, lateral calf muscle 
V1 Between ribs 4 and 5, to the right of sterinum 
V2 Between ribs 4 and 5, to the right of sterinum 
V3 Between leads 2 and 4 
V4 Between ribs 5 and 6 
V5 Horizontally in level with V4 in the left 
V6 Horizontally in level with V4 in the middle 
 
 
All of the leads in a 12 terminal ECG are unipolar [8] leads. Wilson's central terminal is a 
composite pole which is taken as the negative pole.. 
VW (Wilson's central terminal) , is related to the electrodes LA, LL, and RA by the following 
relation: 
VW  =   
𝟏
𝟑
 (  VW  +  VW  +  VW  )   
 
VW  is the negative terminal and also the eleventh lead in a twelve lead ECG. 
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 Lead I [9] is calculated by taking the potential difference between the LA (left arm ) electrode and 
the  RA ( right arm ) electrode. Mathematically, they can be represented as: 
 
I  =   VLA  -   VRA   
 
Lead II [9] is calculated by taking the potential difference between the LL (left leg ) electrode and 
the  RA ( right arm ) electrode. Mathematically, they can be represented as: 
 
I I =   VLL  -   VRA   
 
Lead III [9] is calculated by taking the potential difference between the LL (left leg ) electrode 
and the  LA ( left arm ) electrode .Mathematically, they can be represented as: 
 
III  =   VLL  -   VLA   
 
As described above, the augmented leads are aVL, aVF, and aVR . Here negative pole is the 
Wilson's central terminal.  
Lead aVR [10] is the potential difference between the right arm (RA ) electrode and the mean of 
left arm (LA) and left leg (LL) electrodes. Mathematically, they can be represented as: 
 
aVR  =  VRA  -  
𝟏
𝟐
 ( VLA  +  VLL )  =    
𝟑
𝟐
 ( VRA  -  VW ) 
 
Lead aVL is the potential difference between the left arm (LA ) electrode and the mean of right 
arm (RA) and left leg (LL) electrodes. Mathematically, they can be represented as: 
 
aVL  =  VLA  -  
𝟏
𝟐
 ( VRA  +  VLL )  =    
𝟑
𝟐
 ( VLA  -  VW ) 
 
Lead aVF is the potential difference between the left leg  (LL ) electrode and the mean of left arm 
(LA) and right arm (RA) electrodes. Mathematically, they can be represented as: 
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 aVF  =  VLL  -  
𝟏
𝟐
 ( VLA  +  VRA )  =    
𝟑
𝟐
 ( VLL  -  VW ) 
 
These days 12 lead ECG is the most commonly used ECG. 
 
 
1.2 NEED OF COMPRESSION 
 
Files those are large in size pose many problems as compared to small files for example, they fill 
large amounts of memory, they take more time to get transmitted to users, and they can 
overpower algorithms which are designed to draw results from the data which is raw. In medical 
applications, where high speeds of data transfer are desirable an increase in the speed of 20 times, 
or even 2 times is appreciable. Therefore it is clearly needed and sometimes [11] necessary to 
reduce the space acquired by a signal and in our case ECG, but it is equally clear that this has to 
be done with great care because the reduction can be lossy which in our case is not desirable. 
Signal compression is done because reducing the number of bits by a signal to a prescribed 
accuracy is the need of the day.  
 ECG Signal compression is a necessary tool in medical applications. Consider a case where a 
doctor is sitting thousands of kilometers from the patient and an immediate advice is needed. 
ECG Signal transmission may take hours depending on the file size and the distance involved. In 
such cases signal compression can be a boon for the patient. Since the number of ECG records 
annually is of the order of millions and the need of sending ECG signals over telephone lines for 
distant analysis is increasing, an effective ECG compression technique is needed.  Resources like 
data storage space and transmission capacity can be more efficiently used in this way. 
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1.3 DATABASE: 
 
I have acquired real time analog ECG signal using the EKG sensors and recorded through 
labview.  Six different samples were recorded and then processed and compressed. Their 
individual compression ratios were calculated and recorded. Then the signals were reconstructed 
and root mean square errors were calculated and recorded. 
 
 
1.4   OBJECTIVE: 
 In Medical applications, signal compression is one of the most required fields of research. The 
main objective of my research is to implement an efficient method for ECG signal compression 
and decompression. In order to achieve this, the processes described below are carried out in a 
sequential and systematic manner. They are : 
 
1)Preprocessing: 
(i)  Savitzky-Golay Filtering 
(ii) Uniform Sampling at a sampling frequency of 200 
(iii) 20 bit Uniform Quantization 
2) Delta Coding 
3) LZW Coding 
4) LZW Decoding 
5) Delta Decoding 
6) Dequantization 
7) Inverse Sampling 
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 1.5   DEFINITIONS AND FORMULAE USED 
 
1.5.1     The Sampling Frequency is defined as the reciprocal of [9] the sampling period. 
Mathematically the relation can be expressed as : 
Sampling Frequency  =    
1
𝑇
 
Where, 
T is the sampling period 
 
1.5.2.     Maximum Quantization Error is defined as the maximum round off error [12] introduced 
by   quantization. It is given by: 
Maximum Quantization Error  =     
𝑇𝑟𝑢𝑒 𝑆𝑝𝑎𝑛
2𝑛−1
    
 
 
                                  Q   =    𝑥𝑚𝑎𝑥−𝑥𝑚𝑖𝑛
2𝑛−1
    
  
Where, 
𝑥𝑚𝑎𝑥  = Maximum value of Original Signal 
 
𝑥𝑚𝑖𝑛 = Minimum value of Original Signal 
 
𝑛       = bit resolution of Quantization 
 
 
 
1.5.3.     Compression Ratio may be defined as the numbers of bits required by the compressed 
signal to that of the original signal.. All data compression algorithms, try [13] to minimize the 
compression ratio by eliminating the data redundancy wherever possible. Compressed data must 
also represent the data with better fidelity. It is given by : 
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 Compression Ratio   =    
𝑆𝑖𝑧𝑒 (𝑖𝑛 𝑏𝑦𝑡𝑒𝑠)𝑜𝑓𝑡ℎ𝑒 𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑒𝑑 𝑠𝑖𝑔𝑛𝑎𝑙
𝑆𝑖𝑧𝑒 (𝑖𝑛 𝑏𝑦𝑡𝑒𝑠)𝑜𝑓𝑡ℎ𝑒 𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙 𝑠𝑖𝑔𝑛𝑎𝑙  
 
 
1.5.4     The percentage root mean square difference (PRD) [13] is defined as: 
 
 
 
                 PRD %      =    100 �
∑ (𝑥(𝑛)−ẍ(𝑛))2𝑁𝑛=1
∑ 𝑥2(𝑛)𝑁𝑛=12  
 
Where, 
 
 
𝑥(𝑛)  =  Original Signal 
 
ẍ(𝑛) =  Reconstructed Signal 
 
1.5.5      The normalized version of the percentage root mean square difference [13] known as the 
PRDN is defined as : 
 
                                   PRDN %   =   100 �
∑ (𝑥(𝑛)−ẍ(𝑛))2𝑁𝑛=1
∑ (𝑥(𝑛)−𝑥)̅2𝑁𝑛=12  
 
 
Where, 
 
 
𝑥̅  =  arithmatic mean of x(n) 
 
 
The PRD shows reconstruction reliability by comparing the data point wise. This means that it 
compares each and every sample to its corresponding reconstructed sample, sums the overall error 
and then finds the percentage error. 
PRDN measures the residual root mean square error. This is yet another measure to find out the 
reconstruction error with the advantage that it is independent of the mean of the signal.  
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 1.6 OVERVIEW 
 
 
Chapter 1: of the thesis explains about the basics of ECG. Next a brief insight is provided about 
the need of signal compression. The source of and objective are presented in a lucid and simple 
manner. Finally the formulae and definitions used are discussed. 
 
Chapter2: This section contains preprocessing stage of the analog ECG signal which includes 
filtering, sampling and quantization. In the end , compression ratios and quantization errors were 
calculated. Delta Coding and LZW coding are also discussed here in detail. The quantized signal 
has been delta coded and then LZW coded. The algorithm for LZW coding has been discussed in 
brief. After each step, the compression ratio was calculated and the compressed signal was 
displayed. 
Chapter 3: Here the compressed signal has been decompressed using LZW decoding, delta 
decoding and Dequantization. Final results and the decompressed signal after each step were 
displayed. 
Chapter 4 : This section contains conclusion of the overall experiment and areas of 
improvement are discussed. 
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 2.1 Overview: 
 
This section includes ECG signal acquisition and preprocessing. ECG signal acquisition was 
done through the machine and recorded in labview. Then the signal was loaded into MATLAB 
and preprocessing was done using MATLAB only. Preprocessing includes filtering, sampling and 
quantization. Later compression ratios and Quantization Error are calculated and the results are 
shown. 
The steps that have been followed in this section are as shown below : 
 
 
 
   
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
Fig. 2.1 : Pictorial representation of the steps followed in section 2 
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 DATA ACQUISITION 
 
EKG sensors were used to acquire analog ECG data .The Vernier EKG or ECG [14] Sensor 
measures cardiac electrical activity (potential waveforms produced during the contraction or 
expansion of the heart). With the help of Labview software the readings were ECG signal was 
recorded.  
The following are the steps that were followed: 
• The sensors were connected to the computer. 
• Labview software was started on the computer. 
• The program automatically identifies the sensor. 
• The data was recorded. 
 
 
2.2 Need of Filtering : 
 
The raw ECG signal was applied with a filter which will not only remove unwanted noise but 
also decrease the size of signal thus compressing the signal.  
The raw ECG signal ( Sample 1 ) is shown below in fig 2.2 
 
 
 
 
Figure 2.2: Raw ECG Signal ( Sample 1) 
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 2.3 Savitzky Golay Filtering:- 
Filtering is an important pre-processing step in signal compression problems. The 
filtering has been done using a 6 degree Savitzky-Golay filter (SGF) and a 17-points 
window. The window was constant. SGFs use polynomial [18] fitting to smooth out the 
signal. Savitzky-Golay filters, alias. digital smoothing polynomial filters, are used to 
“smooth out” a signal which is noisy and whose frequency span is large. Frequency span 
is calculated for noiseless signals. Finite-Impulse Response (FIR) filters are good at 
rejecting the high frequency noise or even better than SGFs but they also reject the 
important parts of the signal. At this time, SGFs come into picture, whose efficiency in 
preserving the high frequency components of the signal cannot be questioned. After 
testing for various degrees of the polynomial and several dimensions of the window, the 
values of filter parameters were empirically decided. It has been noticed that a polynomial 
with smaller degrees and a window with higher dimensions lead to amplitude distortion 
of the R-waves while a polynomial with higher degrees and a window with smaller 
dimensions lead to insignificant filtering.  The SG filtered ECG signal is as shown below 
in figure 2.3: 
Fig. 2.3: Savitzky-Golay Filtered ECG Signal 
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 2.4 Uniform Sampling: 
 
Sampling is a very important step in analog to digital conversion and hence in 
preprocessing too. Sampling may be defined as the process of reducing a continuous 
signal into a discrete signal. Sampling can be done in many ways, the most common of 
which is uniform sampling which has been used here in this algorithm. There are other 
methods of sampling too like the non-uniform sampling. Non uniform sampling consists 
of aperiodic sampling of the analog signal. Here the number of samples is more in more 
important parts of the signal and less in the parts which contain noise. This is one 
another way of noise cancelling in signals. Though it is more efficient in noise reduction 
it has its own disadvantages. One of the major disadvantages is that the complexity is 
much more here and it becomes increasingly difficult to inverse sample the signal at the 
time of digital to analog conversion. Hence, uniform sampling has been used here. 
Uniform sampling [21] can be mathematically represented as: 
                                              X(n) =  Xa ( nT )                                   -∞ ˂ n ˂ ∞ 
  Where X(n) is discrete time signal obtained after sampling of the analog signal Xa after 
every T seconds. The time period between successive intervals T is known as the 
sampling interval or the sampling period. The reciprocal of this sampling period T is 
defined as the sampling Frequency. Mathematically they can be rewritten as : 
FS  =  
1
𝑇
 
 A relationship can be derived in between the continuous time variable ‘t’ and the 
discrete time variable ‘n’ .They are related to each other according to the following 
relationship : 
t  =  nT  =  
𝑛
𝐹𝑆
 
Uniform sampling has been used here at a sampling frequency of Fs = 200 Hz. Sampling 
Interval is T = 0.005s.  
25 | P a g e   
  
The signal after uniform sampling is as shown below in figure 2.4 
 
                                Fig. 2.4: ECG Signal after Uniform Sampling 
 
Initially, the acquired ECG signal was analog. After sampling at a sampling frequency  
FS  = 200 Hz , the number of samples obtained was 51000. The next step of analog to 
digital  
conversion i.e. quantization has been applied in the next section. 
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2.5 Uniform Quantization: 
 
 
Quantization is the process of converting a large set of input values to a smaller set which 
generally consists of rounding off values to a predefined level of accuracy. A Quantizer 
is an algorithmic function or sometimes a device that quantizes a signal. But this rounding 
off produces an error which is known as quantization error. [19] To be more specific the  
subtraction of the actual analog value and quantized digital value is known as 
quantization error. Sometimes it is also called by the name quantization distortion. 
Quantization is an integral part of analog to digital conversion or preprocessing. 
Quantization lies in the core of essentially all lossy compression algorithms. 
 
Because quantization consists of rounding off the signal, it is obviously a non-linear and 
irreversible process (i.e., since multiple input values have the same output, generally it is 
impossible to recover the exact input value from the output value). 
Quantization is opposite to sampling. Quantization is done on dependent variable. When 
we are quantizing a signal, we are actually dividing a signal into quanta (partitions). 
Quantization may be uniform or non-uniform i.e. if the quantization levels are uniformly 
spaced, then the quantization is uniform otherwise it is non-uniform.  
The number of bits taken by [21] each sample of the signal is known as bit resolution. 
The number of bits also depend on the number of quantization levels used. To be more 
specific if the bit resolution is ‘n’ then the number of quantization levels will be 2n . 
20 bit uniform quantization was done as the final step of analog to digital conversion (the 
preprocessing stage).  
As defined above , maximum quantization error is given by : 
 
                                  Q   =    𝑥𝑚𝑎𝑥−𝑥𝑚𝑖𝑛
𝐿−1
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Here the quantity  𝑥𝑚𝑎𝑥 − 𝑥𝑚𝑖𝑛 can be called as the dynamic range [22]. 
 
Keeping the dynamic range fixed, if the number of quantization levels ‘L’ is increased, 
the maximum quantization error decreases. Therefore, if we keep the number of 
quantization levels ‘L’ sufficiently large, we can make the maximum quantization error 
negligibly less. 
The signal after uniform quantization is as shown below in figure 2.5: 
 
 
 
Fig. 2.5: Quantized ECG Signal 
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  2.6  Compression Ratios and Quantization Errors: 
 
The compression ratio obtained after the application of above steps and the quantization 
error are displayed below : 
 
Table 2.1: Compression Ratios and Quantization Errors after Preprocessing 
Serial 
Number 
Sample Name Quantization Error Compression Ratio 
1 Sample 1 2.311  ×  10−6 1  :3.28 
2 Sample 2 2.562  ×  10−6 1  :  4.19 
3 Sample 3 2.518  ×  10−6 1  :  3.58 
4 Sample 4 2.625  ×  10−6 1  :  3.56 
5 Sample 5 1.807  ×  10−6 1  :  3.92 
6 Sample 6 2.843  ×  10−6 1  :  3.17 
          
   
 
The above table shows that analog signals need much more storage space than their digital 
counterparts. After analog to digital conversion in the above steps, compression ratios as 
high as 1 : 3.61 are obtained. The table also emphasizes the fact that if the quantization 
levels are intelligently chosen, the quantization errors can be minimized to negligible 
amounts.
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 2.7  DELTA CODING 
 
The Greek letter delta (Δ) is used to denote the change in a variable. The term delta encoding, 
refers to a technique where data is stored as the difference between successive samples instead of 
directly storing the samples. The first value in a delta encoded file is the same as the first value of 
the original data. All the following values in the encoded file are equal to the difference (delta) 
between the corresponding value and the previous value in the input file. 
 
Delta encoding is typically used where the original data is smooth i.e. the differences between the 
adjacent values is small. The key feature of delta encoding is that it reduces the amplitudes to 
great extents if the original signal is smooth. In other words, it increases [24] the probability of  
sample's value being close to zero, and decreases the probability of it being far from zero. This 
uneven probability is just the thing that LZW coding needs to operate. 
 The signal after Delta Coding is as shown below in figure 2.6: 
 
Fig. 2.6:  Delta Coded ECG Signal 
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 2.8  LZW Coding 
 
Lempel- Ziv-Welch (LZW) is a universal lossless data compression algorithm created by 
Abraham Lempel, Jacob Ziv, and Terry Welch. Published by Welch in 1984, it is an improved 
version of the LZ78 algorithm published by Lempel and Ziv in 1978. It is a substitution or 
dictionary-based coding algorithm. This method reads the samples and encodes them through the 
creation of a dictionary of individual or sets of symbols [13]. Here the samples were first 
converted into strings and then numerical codes were assigned to them thus creating a dictionary 
of strings and numerical codes.  
The algorithm involved in LZW encoding is as follows: 
 
1. Convert the quantized samples into strings 
2. Initialize Dictionary with the {0,1,2,3,4,5,6,7,8,9,e,+,-} set but as character 
strings and their corresponding ASCII codes; 
3.  P  = first input character; 
4. Code =256 
5. while(not end of character stream) 
{ 
C = next input character; 
If (P * C exists in the Dictionary)   % P*C stands for P concatenate C 
 P = P * C                                                                   
Else 
{ 
Output: the code for P; insertInDictionary( (Code , P * C) ) ;  
Code++; 
P= C; 
} 
} 
6. Output: the code for P; 
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2.9  Results 
 
Table 2.2: Compilation of compression ratios after delta and LZW coding (only) 
Serial 
Number 
Samples Compression ratio 
1 Sample 1 3.48 
2 Sample 2 2.52 
3 Sample 3 3.50 
4 Sample 4 3.17 
5 Sample 5 3.01 
6 Sample 6 3.31 
 
2.10  Conclusions 
 
In this preprocessing stage, the analog ECG signal was converted to its digital counterpart. 
Compression Ratios as high as 1:3.61 were obtained. But due to quantization some error 
was also introduced in the signal which is listed above. 
 
Six different analog ECG signals were Delta Coded and LZW Coded and their compression 
ratios were calculated. Mean compression ratio came out to be equal to 3.16. 
This shows that data redundancy is less as compared to data loss while converting the signal 
from analog to digital. 
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 3.1   Overview 
 
Decompression is another necessary step of the compression algorithm. Any compression 
algorithm is incomplete without its corresponding decompression method. Here, the 
decompression algorithm for the above compression method is discussed in detail. At first , the 
compressed signal was LZW decoded whose algorithm is given below. LZW decoding consists of 
finding out the decoded strings from the dictionary. Then the sequence was delta decoded. In this 
section, the consecutive deltas were added to each other. Finally Dequantization was done using 
polynomial interpolation. 
The following is a pictorial representation of the steps followed in this section : 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3.1 :  Pictorial representation of the steps      
   followed in this section 
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3.2     LZW Decoding 
 
 
LZW Decoding simply consists of taking the codes one by one from the encoded file, referring the 
constructed dictionary and decoding them by writing down their corresponding values. One 
additional step which has to be applied in this case is to reconvert the decoded character strings 
into numbers. Here the codes from the encoded file were taken one by one. Each code was 
compared with the dictionary. Then if the code lies in the dictionary, then its corresponding 
decoded string was stored in a separate array. The process was repeated till the end of the encoded 
file. Then from the array containing lengths of numbers, each string was separated and then the 
string was converted into numbers. 
 
The algorithm involved during this step is as follows : 
 
1. Load the dictionary constructed during LZW encoding and array containing lengths 
of strings; 
2. while(not end of encoded stream) 
{  
P = input code; 
3. for i=1: length (Dictionary) 
{ 
            Compare ( P , Dictionary( : , i ) )  
4. Q= decoded value of P; 
5. Display Q 
} 
6. Convert the string outputs to numbers; 
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The signal after LZW Decoding is as shown below in figure 3.2: 
 
 
 
Fig. 3.2: Signal after LZW Decoding 
 
 
 
 
The above figure is similar to the delta coded signal as shown above. This clearly validates the 
LZW coding involved. Also the curve is nearly a straight line which is because of the uniform 
sampling. Had the sampling been non uniform, the curve would not have been like this. 
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3.2   Delta Decoding 
 
As already stated Delta Coding [26] involves storing differences of consecutive samples rather 
than storing the samples themselves. Hence, it becomes fairly obvious that in order to recover the 
original signal from the delta encoded signal consecutive deltas need to be added [15]. 
 In this section the signal is delta decoded and the output is displayed.  
 
The signal after Delta Decoding is as shown below in figure 3.3: 
 
 
 
Fig. 3.3: ECG Signal after Delta Decoding 
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3.3  Dequantization 
 
 
Dequantization [23] is an integral part of digital to analog conversion. Here it has been done using 
polynomial interpolation. The delta decoded values are still in digital form. In order to make them 
analog they need to be dequantized i.e. these discrete values need to be interconnected using 
interpolation [21]. Lagrange devised a method to interpolate using polynomials. In this method, if 
information about n points is known then a polynomial of degree n-1 is constructed. Using this 
polynomial, the information about the unknown points is calculated. 
 
 
The signal after Dequantization is as shown below in figure 3.4: 
 
 
Fig. 3.4 : Reconstructed ECG Signal after Dequantization 
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 3.4   Results 
 
For ECG signals , PRD is a common measure to find out signal reconstruction errors. PRD and 
compression ratios ( after sequential application of all steps ) for six different analog signals was 
calculated and the results are displayed below: 
 
Table 3.1 : Final Results containing combined Compression Ratios and PRDs 
 
Serial  
Number 
Sample Names Compression Ratio PRD % 
1 Sample 1 1  :  11.43 4.51  % 
2 Sample 2 1  :  10.567 3.33 % 
3 Sample 3 1  :  12.56 4.46 % 
4 Sample 4 1  :  11.29 3.58 % 
5 Sample 5 1  :  11.81 4.79 % 
6 Sample 6 1  :  10.51 4.41 % 
  
3.5  CONCLUSION 
 
 A mean compression ratio of about 1 : 11.36 is obtained i.e. the efficiency of the whole 
compression algorithm is about one by thirty. One thing which can be concluded from the table is 
that on sequential application of different steps, the compression ratios of each step get multiplied 
to give the net compression ratio. The process of DAC conversion is lossy. Since interpolation is 
involved in this process, the reconstruction errors obtained are high.  
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 4.1  CONCLUSION 
 
 
A lot of research has been done in recent years on ECG Signal Compression. The aim of this 
project was to implement an efficient compression algorithm. An algorithm [13] for ECG signal 
compression using preprocessing, Delta Coding and LZW coding has been implemented. The 
algorithm [13] was tested for the compression of six different analog ECG signals recorded 
through EKG sensors and their compression ratios after each step was calculated. The 
compressed signal was reconstructed and reconstruction errors ( PRD )were calculated. The 
mean value of the CR for the 6 records analyzed was 11.36 and the mean value of PRD was 
4.18%. 
The conclusions drawn after each stage are as under : 
  The table of compression ratios obtained after the preprocessing stage clearly conveys 
the message that the analog signals need a lot more storage space than their digital 
counterparts. Compression ratios of about 1:3 were obtained then which shows that the 
digital signal uses 1/3 of the storage space compared to the analog signal in this case. 
 
  One another thing that can be concluded from the table 2.1 is that if the bit resolution  for 
quantization is kept high, the quantization error can be reduced near to zero levels. 
 
 The table 2.2 gives the combined efficiency of the Delta coding and the LZW coding. 
The mean compression ratio obtained after delta encoding and LZW encoding is 3.16 i.e. 
the delta coding and LZW coding were able to compress the signal by about one third. 
 
 Table 3.1 gives the combined compression ratios of all the steps sequentially applied. A 
mean compression ratio of about 1 : 11.36 was obtained i.e. the efficiency of the whole 
compression algorithm is about one by twelve. One thing which can be concluded from 
the table is that on sequential application of different steps, the compression ratios of 
each step get multiplied to give the net compression ratio. 
 
 One another thing which may be concluded from Table 3.1 is that the process of DAC 
conversion is lossy. Since interpolation is involved in this process, the reconstruction 
errors obtained are so high.  
41 | P a g e   
  
 
 
4.2   FUTURE WORKS 
 
 
The algorithm can be further improved in terms of compression ratios and reconstruction errors. 
ECG signals are of utmost importance and can be a matter of life and death for anyone, hence 
loss of data should be negligibly small. Hence, their lies immense possibilities in terms of PRD 
improvement.  
Since ,  faster signal transmission and especially in the medical fields will always be a need, the 
possibilities and scopes for better compression algorithms will be also there. Therefore, better 
compression algorithms with smaller compression ratios are also needed.  
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